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jHK3*i£fe*»ii3 i ajawtt- ymbtfiSL tht+fMtwt* . xhv 

fc. K ^rr^^t^^ak^^x^^^y^ 

is^^ra»»^tss. im^mei m^msizmL^tuz^x^y^ 

[a*«2] avuxv— f3K^t. 'mtm^m: vmmmmftmttxgmiz&^x . immim&tmz 

$L-?&mi^®k. miZixti'WAtfiTy'vwnm ttTy^wwmmmftMWtmmzts^x. ±m<o 

mmmmizxMrm&Lt. wmfflfrhmvt: ®mmizm^t>ti&¥mM!£ki±. *<m&r>m±. 

ntvx^y^vvwffi&zmmzwm'ft.k » ±te vm&prv *-xt-MzMr2tvtzz. t tmmt-t 

)«L-ciiiiffitiis^swtgtis^^$^sJiiSKSi]ffli¥ [it*JB8] mm5. 6$>z>w±7iz3ffi2tifz>* 

®t . frxm-y^vwm&mmM&miz&^x . ± 

^$^3b&v^i$^>tS®?^^2^3K!5^3tt IBO«B¥atfflv^Ji6^m»*tSftJi. *«ttfifc>r 

B»SiaftS¥#ft§£B. B. 

»«$^»03t^fi®$^i.a®*atJ: T\ ^^ H B B (cEPSl|-r&ffl[^S$:»?IL.T. 

&wx#7-y^vm®fo®ffl#tmmm. ttwxffi-y^uywmmmimftgs.iztoz. 
[M*«4i ii^fli. 2*sv^±3t=a«3fifc^ 40 x. ^tm&vmitbmzmNmmtot: 

)ux#Ty^wmmmffiftMftmmz)3^x . 9og®e-f£¥afc. ran©§fc£«8t*i. 

wxi/- r^^m^t^sa. LT-GaAsto3tx fs&rtT'Or^^ym^^^fli-** txa^-r 

wfrhoTHz-mmMztmuzm 1 ?. %.^y*Y mfmmftmM.. 
vvfmizx&THzwmmtmmitzm?. & [wmmmzmn 

■& v>{±. lf»F*^«TH z JfcSt2rfi||Btit*^tcRg [0001] 

%LX'wx$iT7^/vymw&imLi-&z t tmi. iwmm^^mmi tvwj (th 
tzrt)vx^7^)vvwmmmwftma\z&\^ 50 ^JitsUT^oj^tA^-n.-kA^'S^T-^^ym 
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[0002] 



ttm-z>fm^& 2 fc . w^w* m<r>-u m^zym& wt . £ . z t zmit l 

tvymmm^WA t . /vvx^y^jww&m^ i o o o 6 i *syitcfcfti.m2o%Hjni:. >w 

cstes-s^a iot. i o a»s>«D/W'XR ;wx:K^T7^^y©^£f£4rt 6f£&#&t . % 

^ H B a 1 2 tASt^^si«)*fc . m^ms*^ a;» ***fcT*seBfr£ai» Lwxttf^M^ 

Lfc><*xi^*£«*3* *«3t¥ai 3 fc . ^ B*»£*»r £iti©f &t . jJB^iffl£tim*>£>a5»L 
#g i 3 £ifi$ L^wx u-ifft£Sm{t^-fc^Jft-r T^^i^ymisa&fclalil LTffietite#S^ 

•S#gl 6fc. ^#S2T-^®$ii^3t5:$A>fc:^iiS tili££^S-ti-.S>iil©giM0P¥&fc . ffl&ZtLt:$>& 

-rs#*s#g 1 4 fc . 1 4*»fe««*«sni# 20 \mt$ bizmmztiizm2com<?mt±mcr)M%Mm 
izymthmsfr®. i 5 fc „ 1 6 ^aat ££Str&^ift#&fc . ; o^^tt 

^fc^m¥ai6*^o«MM^fc^?^»-rsft^5!ia fc^«mfi-^c^-r&3a©¥gfc. #-t&£fc 

#S1 7fc5rilxfct>cO-CJbS. *«»i:l/0*S. 

[0003] [0007] *wntz}5vm3co%,tyi^ mm 

ifflMffi&LX o t-tmm mte>T7^>wnm ftMm&'&htzwzm i hh^m2(owM^>mmzm 

wmm^m^Mmrcii. ^.x-^^vix^y^ tx. ££>(c #mztifzim<7)itzw£z-£&Mm^ 

VWBtftffSrt-vj 7nv~, MSITfc/hSvxfcft. ffitS! K£<k V&W!^im^2tdz>VVXls-1F%<7)\f-J* 
[0 0 04] ^(OlgBJjaJ^Bt^^SiuttcO-C. 30 WltLX^h. 

M^nizmMzti&'wxttf-y^vnmfocofgj) [ o o o 8 ] ttz. ^m]iztm&m4 ammt. w*. 

®*wk&tz\m®Ltzfvvxy^y'\)v>'j'mm.$:m fcwii ±teuc^i » g52&&t^ifg3<7>?£i#7> 

mrz ztizx"). m<OTy^wnwmmfMtt mmzmtx . lt- 

> y*fia«[^^^7^M'Cli^IiE-C*>-o^7 : -5'v;i/ fflLfcSR?. UV«, *^#F*^<OTHzlfcSt^J 

'ymast J: •&MitkiHt^^ra*»«!i^5ries-r& £ fc ffl LtiR7(znnt lt^^«t ^-vu-ymim?:!^ 

cifc^ewfc-rs. [0009] a*. »5<o»w±. ¥«flctjav^^ 

[0005] ^«r? / v^ , y«at*«B-r« t> . ±el^ 

mmimm-ztztbcfrtm immzmtiL-tztzto 11.^2, &3&hwm4<nwmm&j.zii\ri:. 

(c. *mu,z*mmi<mm$. '■wzu—wim jvux^.7-y^j^ym^.i:mmt^m<ii^mi. 

fc , wdmj)*h(r>mw&n>m t \zm.ir% j m : *wc «otowts 2o<o^ B fflt-^jr-Attmffi?r^ 

fc . ftmzntz^iKtvomcrrftzmnzith*®. mzpm^mm&t . zcvmmixx y. y-s y 

fc. ^3ft3tft&v«36fc^sitfc»i<«iaBW) ^^aw^tsc+^m^Enjtrr&^Sfc. 

/Wxv-if3tt:l»lfflLT^;PX4t^r5>vP'ymfiB8ft -5 y^Hft^ts^+^jSiatccco^tealiSr^a) 

®»^iiia^siaiS¥Sfc. s^/px^x^'vi-ymia so ixKmttrt£mtfL2ti$>iz+ft%mz(D. m«fci3c 



5 

b. m^B-h^f-y^jymmm^mm-&m^stt. 
mmt is^rs y *-? mmt %m&t zmt h z 

[0010] J&6cO?6HJ3{i, li«^<OAffi* 
too 1 1] Hi. mKrfflWlt. ^«^«0Aaj* 

'^rmj&mwztzMz. ±sntzm5h&w*&6 
crmnnmmzMtx. Jja^ii^&fcfflv^fi.** 

MzMT.ZtitiZb£mib LT^£. 

[0012] ta. msmpm. imifZiim^mm 

inzmcmmzmz-x. imomm^mzm^tit 
¥mftm&\± . znm&iz-im&j) z trout & ^ t tc 

H3ffi£ffi< LtbfzZ b Zimt LTVM.. 
[00 13] ^9^B^i, j£V^g^KfflT-ai 

^•nxt^mm^mmzntx. ^mim^zm\-th 
wmmm?\ix. mm®mim'#>m>t>titz!m 
x«r$tt Ltzz t zmkt ltv*s. 
[ o o 1 4] tiz. m ocofma. ? ^zfK^mm. 

fflftX-mgX'Z&kolz-f&lztbiz. ±!BL£Sg5&^ 

L^^-rtifrcomncommzMtx. %h\,z. >m 
ms&cvKMt h *) £mmw>j)ft £ 9 o 
m. mm^bmmm. a^f^&rt-cox^ 
WWffigKri&SlTftlztt txm^tm^i^z t 
zmitLx^z. 

[00 15] 

imbrmbtmBi vxYtzz^mcof-y^u^mm 
mmfttm*3imx\ maLm&xhmzmz-tz 

igflilSEflt8 £S5£timfc LTfitlS Ltz k OT'J> 
.K^gfcL ^XP-ifftSl SM&^tf> 

;P > y«JK«5:l^-r^T7^P > y«H^[l64#S4 1 . 

3ot. m^vix^Ty^./i'^mm^izmmLx. am 
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siLtimmitz-tt&mx^m 3b. zcommm 
3 zm&Lti%zim.m^izm&-fz>$m^& ieb. 

JWXU— ¥%ZTX3-7itb LXm\^1ziblzm2co 

*mfrhmftm-&^m5b. zmmztvfzft* 
m$m^tz$mt&$m^m 5 1 , vm&m snz. 
if 1 6frt><rm*T<mzmm^9m^m 7b. 
ms^s 1 7 *^«fi^^^^ww.& 1 8 

10 [0016] @2T*ffifBL^7'Vky (THz) 

*t l? 6 ^ t tc i s^sstaj£*ijffl l 

1 x 1 0 14 c m- 3 c0t><DT£>&. *c9i£ H V>lM Xtt 
3. 3mmX3. 3mm«7r-fe7ht. S?«4 5m 

X\ -^*ABP5fc:J:»)»£S*vO**. tiz. w& 

>UTX>VIX\±. (10 0) ffilzmit>tl*l* 

-* y7a>f7hiz£<o%Mi,zmmizm)mzti&. m 
%bmmt. %?mizittLxw$i~t&m&t l zh<o. &tz 

10) * /hZnTejg B B B fc7xAb^-if-5r^T 

xmiix^&. zcD&mw^mmftttLx^ 

%<DV— if%<?M%M. 800nm, 
0fft\ B*)MUt. lkHzT'W. £fz. ZCDM^. 
30 3t^ H a H (ZnTeO <\ff)U— f %.<7>X)VV7- 
\t. 280mW (28 0/i 3/>*)VX) X'foh. ZZ 
X\ ZnTet&IkZmmf&ZblZ];*). THz« 
crmftUfa ^1 hZb tfX'% . ZtUi&mzmitZ 
tl. 3. 3mmX3. 3mmc7)7 r-fe y hlrSf-o^Ge 

m&izm/tztiz. MJtizn. mvammzm^tz. 
iffi&u mammzx^x. moznTe&s, <jf?2 

mm) Cft£3tlfc. TH zmiK^m^JS<±, *V 

v vcmes its. th z mm.b ±mct>g e « H B H nffl8n 

tWf-fT^OW ( 2u®. 1 6Hz ) fc^ISlffl 

[0017103 ( a ) J± N «^>»nM 7XA-/WA«TH 
z«ia&i:*Sr-5^^tt5L.^TH zfl^^ ( d t 
= 0xi^. Ht£) tf^^7XA7WSrTHzH)R 
fOflutw 6 Lti^)«iai t^rfi^^ ( d t =-6 

50 u®. mt) Z^LXtS*). H3 (b) \i. ZK?ti<» 
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[0018] zcnmfrt>. mwu rxjvvxtnzo 
xn)vxtW£^itTnz.mmfc7)^7 Yiv (his) 

<D*%£kltAT. 2THzi£iaTii^t. ITHzOT 
•CfifcW^JS^LTV^. H3 (c) fcA^TXjEPJDL 

h/W=J«-4it*jjt*. ZCDlt\i.2 TH z tfcttS 

fcj: SS^lfilKlltfifcS ." S^C. G a cDD&liH 3 « 
J;3^2.04THz-C*>a„ 

[0019] ztit><Dm%frt>. *mm. f-y^y 
mmmmMftTwm t Lxmm-h z t . 

[0020] 20 

^mmwmm.<r>m<mmm^twixhh. mi 

HKD£££ligLT. *<Dft£3Ig$-ti:.&jIffi#K3 
k. »*5tt^lO%HWWXI'~9%£HIL 

#&3 0 fc . JJ&OMSl&Bfr&itiat Ltz'VVXtty-y 

'wvmffl.tzmmLxnR'wxiT h z®a*o^ 

#*te B 1.^fflv^iM^f*8(;EW)irr?.i ktzi Oftilfi 
ig2coJi»gcoJiiis$r^'fk^-frsm^'vi/x%fis§ 

•CJ)Sii4iS*JlBi*S22t. 4HS**Lfc*2««tHW) 
*£<«7££-e6«}R-C-r;* 1 «0W3te^S 19k. 
Zcmft2tlfi:%k±mcr>mmt®.3 0 SrJBSL^^ 
x#r 5^ySS8*k ££8W&£«*a 1 0 k . £ 40 
^jSESiu'afck ^/PXttx 5A^>ym«a&k zm^c/t 

m LtzmmftZit&mittiLX'X'Z 2 emit^®. 

1 3kffl3K#Sl 3 5riliiL^5r«m«^t^-tS 

xmftmiiii&x'X'Ztzmiam&^m e t . drtts 

^^2^HS¥S1 4k. m2^-^S<weSr«« 

15k. mi^m^m^wff.m^tm2(owi^ 
m*h<msm^tv^*mtthmm&mx'* 50 
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tzmvm^mikzmz-x^h. ttz. m^>um* 

m^xm^ntm^it^±^x\^. 
[0021] [m2(?>9m/m 04«. Ty^ymm 
w%mmim&w<ot%2(?mizmz^?mThz>, m 

t^-y^y-^i-hm^mt. m^tifcmi<o 

k. W£ZoWzmi(r>ym<7)>Wxi'-y ! %.fcmML 

x'wzttnTy^vmwMzm&mfmmii, 
x*)^?>7-y^ymm.m.^mt. y-y^ym 

ffi&£mifctz> 7 <f 2 6 k . W^ttfzJVVyMfr 

y^vvwmzmmmizj^tt-mtfit. mmm 
*^ajw Ltzf^x^y-^vymm&iwm^ 5 £ 
m^xmtLxmmzm oiz'x ^xmm-rm&t . 
m^^ixrz^xm-y j ^jyyw^Azis/mmm9 
v^T*3t-rs««k » wxir-wpkn v 'j xmmz 
mmthz k t- x *)±atc?>mm ! mfrL>m uzwx 
^y-y^ymmazmmLxmwv^xzTH zwm 
motmm&sizom-t&ztizx *)m&&2cr>m&E 
&com^z^itz&&w&wxmmx&&tmg. 
vmm.22k.. fti&ztutm2<r)7m(rttzm3tzi£ 
zmxmx'X'Z tzm 1 <mm-WL 1 9 1 , r <ofl3K3<x 

**S2 lk. b-i,glfck:^S2 1 Srffl^-Cb'-Ag 
^fc*:5ix^*k>'WXttf-7A.^y«ffl^k ^^SrT 
10k. ZcrfeftZtilzltk'VUXtf.y-y'K 

frvwrnnk zn$Kjt<m& 1 2 tcAStstf &fltj£k . 
^<omsot^ H B H *^ as« Ltz%*m%z#z>mMX' 
x-% fzm 2 cofl3t#s 13k. mmn 1 3 sriea ttz 
mmm^iz%m-z>?mfcmi&%x'?ziz 2d&c 

«<^^#S2 6k. ^Sii3tSS2«^3tS8<^*S:$ 

k. iB2£7)^#a«3fc5«^ft^sm-rs^ft^ 

$ttiflTT'£ 1z$&i^® 15k. 1 6 frt><rM 

-tzmm&xx-z itrnmrn^m 1 1 k z^tx^ 
h„ fi^MSf K 1 7*>£><oft^ii. ^>y?x*-r< 

1 8^fflV^T¥jf LTfI^*f»#Jt£|6Lt£ 
-frTV^. fI-^5!US#ai7*>^«0fl^i. TV 
?)UtLXW%im$&Z. k fci -jT t>M^«»^lt?: 

[0022] ^^-C'. Ji®#S30«. ?y4*X?v 

Yb(nnmzwM.^tifzmummmM2ik. %jm± 
mkmmcr>^(>tifz^m#^^m^tzmmeii¥2 8 

tZffiLX^Z. 27ii. jKWicoiHlOfclHlte-tSClk* 1 

Tjso. zof$.ft£mm3ztz>zkiz£t)ffi?\-$-&z 

klM&X'hh. ±tz. -e«0«ffi2 3. 2 4tt. %M\lZ 
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k **T' lzm%<7)^ *mw® 0 9 0 

*JBIHcJ:4K«l»jtBI*f«-rctJ< - fctfffl* U\ 
iI<aRM*9»&tt» fflS^^Sfc Alt*. 

[oo23j mm&ftx'bz¥mm£&iz--im io 

zcr>m. t'coXfalzmaLXh. 

o3irffi J ? > -e<OJtii6coflSJ«liia^<ftI^iiTfcO. §^ 
[0024] [£30%ilM] B5tt. 7-?^?W<t 

Sv\-7 55-fcJ:*4Hlt*a2i:. »l*HlflHW>AW 

mmm-& 7 * 2 6 1 . ^3*u&/ wxg-f? 
iwnxkTH zmm<r)*mmii&&m^*:tmmto 

8 tEPtirt* £ t 0 m£m2<r>im±&<vsm&Z 
^WW8Mt*$m.^®2 9t£ffiiLX^&. £1z. 

[0025] zzx°. ^^^ym^ofkfesrat L 

h. {flitf. 1) LT-GaAs<D3£;U yf*?£rffl 
U&.IfctfT'^S* 1 . ~*Ui. it* (M.Tani, S. Matsu 
ura, K. Sakai and S. Nakashima "Emission character 
isticsof photoconductive antennas based on low-ten 
perature-grown GaAs and semi-insulatingGaAs" Appl. 
Opt., Vol.36, No. 30, 7853-7859 (1997)) iZ&fflZtl 

•ci^s. ttz. 2) m^mm»<7)it^ -/^m^m 

^&ZttfX'Zt>1)K ZtM. mX (M.Hangyo, S. Tom 
ozawa, Y. Murakami, H. Tonouchi, M. Tani, Z. Wang, 
K. Sakaiand S. Nakashima "Terahertzradiation from 50 
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superconducting YBa2Cu307-dthin films excited by 
femtosecond optical pulses" Appl. Phys. Lett., Vo 
1.69,No.l4, 2122-2124 (1996)) iz4ifflZ1XX^&, £ 

3) ^mtmm^nTHznmmmzmmLfi: 
m?zm^hzkt><x'*&i)\ ztnt. tax urn. -c 

Zhang and D. H. Auston, "Optoelectronic measuremen 
ts of semi conductorsurfaces and interfarces with f 
emtosecond optics," J. Appl. Phys. Vol. 71, No. 1, PP. 
326-338 (1992). £>&W±. N. Sarukura, H. Ohtake, 
S. Izumida. andZ. Liu, Appl. Phys. Lett. Vol.84, p 
P.654-656 (1998)) liZtiffiZtlX^h. £tz. 4 ) ftK 

v y v 7%miz£ zTHzmmmmzmmttim? 

Zm^ZZktfTZhW. ZtHi. m% (Jun-ichiShik 
ata, Kodo Kawase, Ken-ichi Karino, Tetsuo Taniuch 
i, and Hiromasa I to, "Tunable terahertz-wave parame 
trie oscillators using LiNb03 and Hg0:LiNbQ3crysta 
Is," IEEE Transactions on Microwave Theory and Tec 
hniques, Vol.48,No.4, pp.653-661 (2000))t^$^L 
Tvv&„ £tz. 5 ) S^#F*^^THzJ!tlt?rfiJffl Liz 
*T«rJ8v**£ Zti\±. (P- CM. P 
lanken, M. C. Nuss, I. Brener, K.W. Goossen, M.S. 
C. Luo, S.L. Chuangand L. Pfeiffer. Phys. Rev. Let 
t. Vol.69, pp. 3800-3803 (1992). £>6V>tt. H.G.Ros 
kos, M. C. Nuss, J. Shah, K. LeoD.A.B. Miller, A. 
M. Fox, S.Schmitt-Rinkand K. Kohler, Phys. Rev. Le 
tt. Vol.68, pp-2216-2219 (1992). £>£V>li I.Brene 
r, P. CM. Planken, M. C. Nuss, M.S.C Luo, S.L. Ch 
uang, L. Pfeiffer.D.E. Leaird and A.M. Weiner, J. 
Opt. Soc. Am. B, Vol.11, pp. 2457-2469(1994)) 
fflZtlX^h. 

[0026] macom^i. ttz. ^m^m 9tvx 
m^hzttfx-z. %2<rm^ft>^7<ft7v-y'% 

*£a%&g&iSBtit & z t ■& . z <n x o ft&a; 
tftoztmrn. mmm> i m\t^ix.hzbi l zh 

[0027] tfz. ±m ftrnmrn 1 . $mm2. 
ammm3 xmm uzr-y^wmwmmftmftm. 

3 0comh&\>*±®*l~m£3m£Sm:LtzfiK *<r>t' 
*>e>lzm%.m£WMLXi>&^zkl±Wt>frX-i>&. 

zb&izsxt&Mt. im<7)Tyw;mw$Lizm- 
zffittm*. mftmm.z%&Lxm>z>zt& 
m*L\,\ ^tfstt. timmomimuiz 
mmzmwrn-zztimt u^hbh. 

[0028] 

im\<m%i zmmtiMLtzmm^^x'. 
HTtaaw-* ± o ttm&mttz ttfx-z&.mi 
«ii mWcCTy^wmsmztmLxmim 
mizmtth <t o tzitzax\ ^com^coii^^it 
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[0029] m2<rmwx'i±. wm:n&~?V'v ?mx'h&« 

[0030] ifc. IS3^BJ§-C*i\ rn-y*t^5 v ^HT**. 

lkcot. wxvtTy^i<vmm<o®mz2K7m %.Ltimmmt9ifflt(m®z*-?mx'. (bin 

[0031] Ifcfc, m4^BBT'{i, SSK §52;fcM"> 10 £*-tBT-&&. 

»±*3<^BBtj3v^-c. >"t;i/xw-if3t^®#^cfflB£« [04] ^y^ivmwmsmtffi'rtmm.nmcrm 

m^zmsLX'*>vxm-7^vvmmm:mL-?hz. mminftfu y?B-c*£. 

oizitzcr)?^ /^ix^T-y^ymmmmm^yt [05] Ty^ymwm^ft%ttmm.com<rm 

[ o o 3 2 ] ^5c^gBj3-e(j, sj§ i jB2_ s ig3 [06 ] i&m>Ty^>wvmmm^Mft?mm<o{t 

^^tz^m^y^yim^m^tzcox'. i&^m i^m<mm 

X'^7^vvwm.r>m&*fto^twx-%hmz*j:'> 1 Jwxi>—f%M 

fc. 2 

[0 0 3 3] ^fc. lff6<^BBTJ±> m5cO»BJ<50li^ 20 3 MSE^K 

r7^ > ym«^<7 ) isaw^A^*^L. 5 tin 

[0034] 4fc. m7<0||Bfl-C'«. ® 5$>SV4i^6 7 S3ffi 

m^y , J^~x^-mztm.-ttzti,zx'o. y-y^jv 9 Ait#s 





1 0 




[0035] tn* msmmzti. me$>^ 


1 1 


imp®. 


itm 7 <mwomisttzii\ vc . wmftx-b s 
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